Background-We determined whether patients with lower-extremity peripheral arterial disease (PAD) who are more physically active during daily life have lower mortality rates than PAD patients who are less active. Methods and Results-Participants were 460 men and women with PAD (mean age 71.9Ϯ8.4 years) followed up for 57 months (interquartile range 36.6 to 61.9 months). At baseline, participants were interviewed about their physical activity. Vertical accelerometers measured physical activity continuously over 7 days in 225 participants. Analyses were adjusted for age, sex, race, body mass index, hypertension, smoking, comorbidities, total cholesterol, HDL cholesterol, leg symptoms, and ankle-brachial index. At 57-month follow-up, 134 participants (29%) had died, including 75 participants (33%) who wore accelerometers. Higher baseline physical activity levels measured by vertical accelerometer were associated with lower all-cause mortality (P trend ϭ0.003). Relative to PAD participants in the highest quartile of accelerometer-measured physical activity, those in the lowest quartile had higher total mortality (hazard ratio 3.48, 95% confidence interval 1.23 to 9.87, Pϭ0.019). Similar results were observed for the combined outcome of cardiovascular events or cardiovascular mortality (P trend ϭ0.005). Higher numbers of stair flights climbed during 1 week were associated with lower total mortality (P trend ϭ0.035).
In healthy populations, higher physical activity levels are associated with lower all-cause and cardiovascular disease mortality 6 -13 ; however, it is unknown whether higher physical activity levels are associated with lower mortality in patients with PAD. PAD patients have significantly reduced activity levels compared with individuals without PAD. 14 It is unclear whether, across the range of activity levels observed in patients with PAD, persons with higher physical activity levels have better outcomes than those with lower physical activity levels. In addition, although supervised exercise rehabilitation improves functional performance in persons with PAD, 15 the benefits of higher physical activity levels during daily life among persons with PAD are unknown.
We determined whether, among patients with PAD, higher levels of physical activity during daily life were associated with lower mortality. If higher physical activity levels are associated with lower mortality in patients with PAD, then interventions to increase daily physical activity levels in this population may be beneficial.
Methods

Participant Identification
The institutional review boards of Northwestern University and Catholic Health Partners Hospital approved the protocol. Participants gave written informed consent.
Participants were part of the Walking and Leg Circulation Study (WALCS), 16, 17 a prospective, observational study designed to identify predictors of functional decline in PAD. Participants were identified from among consecutive patients aged 55 years and older diagnosed with PAD in 3 Chicago-area noninvasive vascular laboratories. All participants had an ABI Ͻ0.90 at their baseline visit. Exclusion criteria have been reported previously. 16 
ABI Measurement
A handheld Doppler probe (Nicolet Vascular Pocket Dop II; Nicolet Biomedical Inc, Golden, Colo) was used to obtain systolic pressures in the right and left brachial, dorsalis pedis, and posterior tibial arteries. 18, 19 Each pressure was measured twice: in the order listed and in reverse order. The ABI was calculated by dividing the mean of the dorsalis pedis and posterior tibial pressures in each leg by the mean of the 4 brachial pressures. 18 Average brachial pressures in the arm with highest pressure were used when one brachial pressure was higher than the opposite brachial pressure in both measurement sets and the 2 brachial pressures differed by 10 mm Hg or more in at least 1 measurement set, because in such cases, subclavian stenosis was possible. 18, 19 The lowest leg ABI was used in analyses.
Comorbidities
Comorbidities assessed were diabetes mellitus, angina, myocardial infarction, heart failure, cancer, chronic lung disease, and stroke. Disease-specific algorithms that combine data from patient report, medical record review, medications, laboratory values, and a questionnaire completed by the participant's primary care physician were used to verify and document baseline and incident comorbidities on the basis of criteria developed previously. 20 History of coronary revascularization was considered present if reported by the patient or the primary care physician or identified during medical record review.
Blood Collection
Blood was collected into citrate evacuated tubes and immediately put on ice. Tubes were spun at 3000 rpm for 20 minutes at 4°C in a refrigerated centrifuge. Blood was stored at Ϫ70°C until analyses were completed up to 3 years after blood collection.
Total Cholesterol and HDL Levels
Total cholesterol levels were measured with an enzymatic reaction (peroxidase/phenol-4-aminoiphenazone indicator reaction). 21, 22 HDL cholesterol was measured with a direct enzymatic colorimetric assay. 22
C-Reactive Protein
High-sensitivity C-reactive protein (hsCRP) levels were determined by an immunotechnique on the Behring BN II analyzer (Dade Behring, Wilmington, Del).
Exertional Leg Symptoms
Leg symptoms were classified on the basis of responses to the San Diego Claudication Questionnaire, according to prior study. 16, 17, 23 
Other Measures
Body mass index (BMI) was calculated as weight (kilograms)/height (meters) 2 . Pack-years of cigarette smoking and history of hypertension were determined by patient report.
Functional Measures
Six-Minute Walk
Following a standardized protocol, 24, 25 participants walked up and down a 100-ft hallway for 6 minutes after being given instructions to cover as much distance as possible.
Physical Activity
Accelerometer-Measured Physical Activity
Physical activity levels were measured objectively and continuously over 7 days with a vertical accelerometer (Caltrac, Muscle Dynamics Fitness Network, Inc, Torrance, Calif). 26 -31 After 7 days, participants reported the number of activity units displayed on the accelerometer by telephone to investigators and mailed their accelerometer back to the investigators. We programmed the accelerometer identically for all participants, which allowed us to compare physical activity levels between participants, irrespective of individual variation in age, weight, height, and sex. 26, 27, 30, 31 Programmed in this way, the accelerometers measured "activity units." 26, 27, 30, 31 This method of measuring physical activity in patients with PAD has been demon-strated previously. 14, 30, 31 For example, in one study, there were no differences in accelerometer scores between persons with and without PAD over a fixed distance of 800 feet; however, over a period of 7 days, PAD participants had substantially lower Caltracassessed activity than non-PAD participants. 31 Because of limited numbers of accelerometers, we distributed them to participants (49%) whenever available.
Patient-Reported Physical Activity Measures
At the initial visit, participants were asked, "During the last week, how many city blocks or their equivalent did you walk? Let 12 city blocks equal 1 mile." Participants were also asked, "In the last week, about how many flights of stairs did you climb up? A flight is 10 steps." Participants were asked to report the number of times they went walking for exercise during the prior week.
Death
We used the Social Security Administration death database to search for deaths through December 31, 2003 . At baseline, each participant provided the names of 3 proxies not living with them to assist with the ascertainment of complete follow-up data. Information on deaths was also obtained from family members, proxies, and primary care physicians. Death certificates were obtained from the state of Illinois or from the patients' medical records.
Statistical Analyses
Baseline characteristics between decedents and survivors were compared with general linear models for continuous variables and 2 tests for categorical variables, with adjustment for age and sex. Person-time for each participant was calculated as the number of months from the baseline visit to the date of the most recent visit (last seen) or the date of death, whichever came first. Baseline physical activity levels for each physical activity measure were categorized into quartiles. The fourth quartile represented the highest activity level and the first quartile the lowest activity. Proportional hazards analyses were used to compare differences in survival across quartiles of baseline activity levels, with adjustment for age, sex, race, comorbidities, cigarette smoking, BMI, total cholesterol, highdensity lipoprotein (HDL) cholesterol, leg symptoms, and ABI. We tested the proportional hazards assumption for total mortality using martingale residuals-based methods, and we did not find any evidence of significant deviation from the proportional hazards assumption. 32 Analyses were repeated for the combined outcome of cardiovascular events or cardiovascular mortality. Cardiovascular events were myocardial infarction, coronary revascularization, or hospitalization for angina or heart failure. Cardiovascular death was defined as death due to myocardial infarction, stroke, or heart failure or sudden death. The causes of 33 of the observed 134 deaths were unknown in the overall population (including 19 of the 75 deaths within the population that wore the vertical accelerometer).
We used multiple imputation methods (10 repeated imputations were used in the analyses) in competing risk analyses to handle the missing cause of death when death certificates were unobtainable. 33 Missing data were considered missing at random in that the conditional probability of cardiovascular death among participants with missing death certificates can be modeled with logistic regression with a set of baseline covariates as independent variables.
To determine whether inflammation mediated the associations between physical activity and mortality or cardiovascular events, analyses were repeated with adjustment for hsCRP. We also evaluated associations between baseline physical activity and mortality, adjusting for baseline 6-minute walk performance. Finally, proportional hazards analysis was conducted to determine the association between baseline 6-minute walk performance and total mortality, with adjustment for age, sex, race, comorbidities, ABI, BMI, smoking, total cholesterol, HDL cholesterol, and leg symptoms.
The authors had full access to the data and take full responsibility for its integrity. All authors have read and agree to the manuscript as written.
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Results
The study included 460 participants with PAD, 134 of whom died during follow-up. Median follow-up was 57 months (interquartile range 36.6 to 61.9 months). Of the 460 participants, 225 wore the vertical accelerometer for 7 days (75 of whom died during follow-up). Forty percent of deaths were due to cardiovascular disease, and 31% were due to cancer. The mean age of survivors and decedents was 71.1Ϯ8.1 and 73.8Ϯ9.0 years, respectively (Pϭ0.001). Table 1 compares other characteristics of survivors and decedents, with adjustment for age and sex. Fifty-six percent of survivors were men versus 68% of decedents (Pϭ0.017). Compared with survivors, decedents included a higher proportion of blacks, and they had a lower ABI, a higher number of cardiac or cerebrovascular diseases, and lower accelerometermeasured physical activity (Table 1) . Decedents had higher baseline prevalences of hypertension, cancer, pulmonary disease, and diabetes mellitus ( Table 1) . Participants who wore a vertical accelerometer had significantly higher HDL levels than those who did not ( Table 2 ). There were no other differences in characteristics of participants who wore the accelerometer versus those who did not ( Table 2) . Across the quartiles of accelerometer-measured physical activity levels, we observed significant associations between higher accelerometer-measured physical activity levels with more blocks walked, more stair flights climbed, and better 6-minute walk performance (Table 3 ). Figure 1 shows associations between baseline physical activity levels, measured by the vertical accelerometer, and total mortality. With adjustment for age, sex, race, BMI, ABI, pack-years of smoking, comorbidities, total cholesterol, HDL cholesterol, and leg symptoms, higher physical activity levels were associated with lower mortality at 57-month follow-up (P trend ϭ0.003). Compared with the highest (4th) quartile of physical activity levels, participants in the lowest (1st) quartile had a significantly higher risk of mortality (hazard ratio (HR) 3.48, 95% confidence interval(CI) 1.23 to 9.87, Pϭ0.019). Additional covariates associated significantly with mortality were diabetes mellitus (Pϭ0.002) and pulmonary disease (Pϭ0.035; Table  4 ). The results were not changed substantially after adjust-ment for hsCRP (overall P trend ϭ0.015; HR for the 1st versus 4th quartile 3.09, 95% CI 1.06 to 8.99, Pϭ0.039). In these latter analyses, hsCRP was not associated significantly with mortality (Pϭ0.663). Table. Model corresponds to analyses presented in Figure 1 .
Garg et al Physical Activity in Peripheral Arterial Disease
Because participants who were ill at baseline were likely both to be inactive and to have a higher mortality risk, we repeated analyses after excluding participants who died during the first 2 years. A similar, significant trend remained between higher physical activity levels and lower mortality (P trend ϭ0.028), even after we excluded individuals who died during the first 2 years of follow-up. In these analyses, the HR for participants in the lowest versus highest quartile of physical activity at baseline was 4.22 (95% CI 1.09 to 16.3, Pϭ0.037). To adjust for the effects of better physical performance on the relationship between physical activity and mortality, analyses were repeated with additional adjustment for 6-minute walk performance. Associations between accelerometer-measured activity and total mortality were somewhat attenuated but remained statistically significant overall (overall P trend for association between accelerometermeasured physical activity and mortality 0.018; HR for participants in the lowest versus highest quartile of physical activity 2.81, 95% CI 0.93 to 8.49, Pϭ0.067). Table 5 shows associations between patient-reported physical activity and total mortality. After adjustment for confounders, fewer flights of stairs climbed during the previous week were associated with higher mortality ( Table 5) .
Higher baseline accelerometer-measured physical activity levels during daily life were associated with lower cardiovascular events or cardiovascular mortality at 57-month followup, after adjustment for confounders (P trend ϭ0.005; HR for participants in the lowest versus highest quartile of physical activity 2.10, 95% CI 1.06 to 4.14, Pϭ0.033; Figure 2 ). There were no significant associations between stair flights climbed or blocks walked during the past week with the combined outcome of cardiovascular events or mortality (data not shown).
Better 6-minute walk performance at baseline was associated with lower mortality at 57-month follow-up, after adjustment for age, sex, race, ABI, BMI, smoking, comorbidities, total cholesterol, HDL cholesterol, and leg symptoms. The HR was 0.76 per SD higher increment of 6-minute walk performance (95% CI 0.59 to 0.97, Pϭ0.027). The SD for the 6-minute walk was 376 feet. In analyses that included adjustment for accelerometer-measured physical activity in addition to the 6-minute walk, the association between 6-minute walk performance and total mortality was no longer significant (Pϭ0.085).
Discussion
Among persons with PAD, lower physical activity levels during daily life, measured by a vertical accelerometer, were associated with significantly higher mortality at 5-year follow-up compared with higher physical activity during daily life. Individuals in the lowest baseline quartile of physical activity had a 3-fold higher mortality rate than those in the highest baseline quartile. Results were largely unchanged even after the exclusion of participants who died ‡Pairwise comparison with referent group.
Figure 2.
Adjusted associations between baseline physical activity and cardiovascular disease events or cardiovascular mortality among men and women with PAD. P trend ϭ0.005.
during the first 2 years of follow-up. Similarly, individuals in the lowest baseline quartile of physical activity had an increased risk of cardiovascular events or cardiovascular deaths relative to participants in the highest baseline quartile. Participants with the best 6-minute walk performance at baseline had lowest mortality at follow-up, but these findings were attenuated after additional adjustment for physical activity. Our findings suggest that clinicians should encourage patients with PAD to increase their physical activity during daily life. Supervised treadmill walking substantially improves walking performance in patients with intermittent claudication 15 ; however, barriers such as cost and transportation limit access to exercise rehabilitation programs for most patients with PAD. 34, 35 Supervised treadmill walking exercise is a relatively intense intervention that differs substantially from physical activity during daily life. To the best of our knowledge, no prior studies have assessed the relationship between physical activity levels during daily life and outcomes in persons with PAD.
The present results are important in part because patients with PAD have substantially higher mortality than individuals without PAD. 4, 5 In addition, persons with PAD have substantially lower physical activity levels than individuals without PAD. 17, 30, 36, 37 In one study of persons aged 55 years and older, 20 PAD participants had less than half of the activity observed in 21 non-PAD participants (803 activity units/week versus 1750 activity units/week, PϽ0.001). 30 Another study found similar results when comparing physical activity levels measured by an accelerometer for 85 PAD patients with intermittent claudication versus 59 patients without PAD (357 kcal/d versus 616 kcal/d, PϽ0.001). 37 
Study Limitations
The present study has limitations. Only 49% of participants wore the vertical accelerometer device because of the limited availability of these monitors. Vertical accelerometers were provided to each participant at the end of their study visit on the basis of availability. However, except for a higher HDL cholesterol level among participants who wore the accelerometer, there were no differences in baseline characteristics between participants who wore the accelerometer versus those who did not. A second limitation is that the present study was observational. Unidentified confounders associated with higher physical activity levels may have contributed to the differences observed here. A third limitation is that we did not collect data on intensity of physical activity levels. A fourth limitation is that our multivariate proportional hazards analyses included up to 21 covariates, which may result in model overfitting; however, we conducted additional analyses in which potential confounders were entered sequentially into the regression model. Results showed that the adjusted associations between physical activity and mortality (or cardiovascular events) were not sensitive to the number of covariates in the multivariate analyses. Nonetheless, our findings require confirmation in other PAD populations. Finally, our findings may be due to greater illness severity among PAD patients, who are both less physically active and at higher mortality risk. However, the exclusion of deaths during the first 2 years of follow-up did not change our findings.
In conclusion, PAD patients with higher levels of physical activity during daily life have reduced mortality rates. Future study with a clinical trial is necessary to determine whether interventions that increase physical activity levels during daily life reduce mortality in patients with PAD. In the meantime, the present findings suggest that clinicians should encourage patients with PAD to increase their physical activity during daily life.
